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Valvular regurgitation is defined as the presence
of turbulent flow that originates from a valve
plane during the period of valve closure, which
extends from the valve to its proximal chamber.1
Doppler echocardiography is a noninvasive tech-
nique with a high degree of sensitivity and speci-
ficity in the diagnosis of valvular regurgitation.1–7
The advent of echocardiography with color
Doppler flow measurements provides a semi-
quantitative method for estimating the severity
of regurgitation.8–12 It is easy to obtain a dy-
namic display of the regurgitant flow patterns
across the four cardiac valves and to localize the
pulsed-wave and continuous-wave Doppler probes
at the site of regurgitation.12 Recent studies have
found a very high frequency of valvular regurgi-
tation in structurally normal hearts investigated
by this color Doppler technique.13–15 The reported
prevalence of valvular regurgitation in normal sub-
jects ranges from 0% to 100%.8–17 Most previous
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studies of valvular regurgitation have been limited
to adults,1–10 Although some studies have en-
rolled limited numbers of pediatric patients,
most of the studies were confined to chil-
dren.11,12,18–20 Whether the frequency and severity
of valvular regurgitation in infants is the same as
in older children is unclear. Therefore, this study
was conducted prospectively to determine the
presence and severity of valvular regurgitation in
infants aged < 12 months, with structurally nor-
mal hearts, using two-dimensional (2D) color
Doppler echocardiographic screening.
Materials and Methods
Subjects
This study was conducted at the outpatient de-
partment of Cathay General Hospital-Sijhih,
Taipei, Taiwan between January 2006 and
December 2007. Infants aged < 12 months who
were brought to our department for health evalu-
ation or referral for cardiac murmur were enrolled.
After routine physical examination, the presence
of a heart murmur was recorded. All infants were
scanned thoroughly with 2D color Doppler echo-
cardiography to detect valvular regurgitation as the
primary cardiac lesion. Subjects who had abnormal
anatomy of the atria, ventricles, and great arteries,
and who had evidence of chamber enlargement,
ventricular hypertrophy, wall motion abnormali-
ties, ventricular dysfunction, valvular thickening,
or prolapse were excluded.
Echocardiography
2D color Doppler echocardiography was per-
formed using a commercial bedside ultrasound
system (EnVisor C, Philips Ultrasounds, Andover,
USA), with a 3.5- or 5-MHz transducer focused
appropriately according to the size of the patient.
Parasternal long- and short-axis views and apical
four- and five-chamber views were obtained in
all patients. For tricuspid regurgitation, the apical
four-chamber view was utilized. Pulmonary re-
gurgitation was examined in the parasternal
short-axis view. The apical four-chamber and
parasternal long-axis views were used to detect
mitral regurgitation. The apical five-chamber and
parasternal long-axis views were used for detec-
tion of aortic regurgitation. Color Doppler exam-
inations were performed to detect the regurgitant
flow across the four valves. The Doppler color
gain was optimized by conventional methods. The
mosaic colored jet was judged as regurgitation
when it was observed as a reversed flow away from
the valve.11 Pulsed- and continuous-wave Doppler
imaging examined flow patterns across the four
cardiac valves to obtain a fully developed enve-
lope on the Doppler spectral display.18 The length
of the regurgitant color flow jet from the tip of
the measured valve was calculated. The severity
of valvular regurgitation was graded according to
Akasaka et al.4
Statistical analysis
Data are expressed as mean ± standard deviation.
The χ2 test was used to compare the frequencies
of valvular regurgitation between the patients,
who were stratified according to sex, and type
and number of valves involved. A value of p < 0.05
was regarded as statistically significant.
Results
Prevalence and distribution
During the study period, 464 consecutive infants
(242 male and 222 female) received complete
echocardiographic scans. Forty-four infants were
excluded because of other cardiac abnormalities
found concomitantly: interatrial communica-
tions (n=28), patent ductus arteriosus (n=6),
muscular ventricular septal defect (n = 4), and pe-
ripheral pulmonary stenosis (n = 6). A total of 420
subjects (226 male and 194 female) with a struc-
turally normal heart were eligible for assessing
valvular regurgitation.
According to the echocardiographic results, evi-
dence of regurgitation of one or more valves was
detected in 258 infants (61.4%), with 144 boys
(55.8%) and 114 girls (44.2%). The prevalence of
valvular regurgitation in male and female infants
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was 63.7% and 58.8%, respectively. No associa-
tion between sex and the presence of valvular re-
gurgitation was found (Figure). Among the 420
infants who had structurally normal hearts by
2D echocardiography, 55 (13.1%) were found to
have an audible murmur. Audible regurgitant
murmurs were significantly less common than
Doppler regurgitatant murmurs at all four valves.
Among the infants with heart murmurs, 41
(74.5%) had valvular regurgitation. When ana-
lyzed by valve, infants with an audible murmur
had a significantly higher prevalence of single
valve regurgitation than those without murmurs
(p < 0.05; Table 1).
Doppler-detected regurgitation occurred most
often at the tricuspid valves and was present
in 237 (56.4%) infants. Pulmonary, mitral, 
and aortic regurgitation was found in 71 (16.9%),
51 (12.1%), and nine (2.1%) infants, respectively.
Right-sided regurgitation was significantly more
common than left-sided regurgitation (p < 0.05).
Regurgitation of just one valve was most fre-
quently seen and occurred in 161 (38.3%) in-
fants. This was followed by regurgitation of two
valves in 84 (20.0%) infants, and regurgitation of
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Figure. Prevalence of valvular regurgitation.
Table 1. Prevalence and distribution of color Doppler-detected valvular regurgitation in infants with normal
two-dimensional echocardiograms*
Infants with murmur Infants without murmur
Type of regurgitation
(n = 55) (n = 365)
Single valve regurgitation 29 (52.7) 132 (36.5)†
TR 24 119
PR 4 8
MR 0 4
AR 1 1
Double valve regurgitation 6 (10.9) 78 (21.4)
TR and PR 4 42
TR and MR 1 31
TR and AR 1 2
MR and PR 0 1
MR and AR 0 1
AR and PR 0 1
Triple valve regurgitation 6 (10.9) 7 (1.9)
MR, TR and PR 5 6
MR, TR and AR 0 1
TR, PR and AR 1 0
Overall prevalence
No regurgitation 14 (25.5) 148 (40.5)†
Any TR 36 (65.5) 201 (55.1)
Any PR 13 (23.6) 58 (15.9)
Any MR 7 (12.7) 44 (12.1)
Any AR 3 (5.5) 6 (1.6)
*Data presented as n or n (%); †p < 0.05. TR = tricuspid regurgitation; PR = pulmonary regurgitation; MR = mitral regurgitation;
AR = aortic regurgitation.
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three valves in 13 (3.1%) infants. No subject had
regurgitation of more than three valves. In the 161
subjects with regurgitation of one valve, tricuspid
regurgitation was the most common (n=143), fol-
lowed by pulmonary regurgitation (n=12), mitral
regurgitation (n = 4), and aortic regurgitation
(n = 2). Within this subgroup with single-valve re-
gurgitation, the order of prevalence of regurgita-
tion according to valve position was identical to
that found for the entire group (Table 1).
Semiquantification of valvular regurgitation
The degree and peak velocities of the regurgitant
jets are shown in Table 2. Most (97.3%) of the re-
gurgitant jets were confined to within 1.5 cm of
the valve leaflets, which indicated that the regur-
gitant flows were just trivial or mild in severity.
The prevalence of regurgitation of more than mild
severity was much lower for all four valves
(0–3.4%). The regurgitant velocities of the four
valves were as follows: tricuspid regurgitation,
1.7–2.5 m/sec; pulmonary regurgitation, 0.9–
1.4 m/sec; mitral regurgitation, 1.5–2.2 m/sec;
and aortic regurgitation, 0.8–1.2 m/sec. The peak
systolic velocity of tricuspid regurgitation was
about 2.5 m/sec, which corresponded to a nor-
mal systolic pulmonary artery pressure. The peak
diastolic velocity of pulmonary regurgitation cor-
responded to a normal right atrial pressure and
pulmonary diastolic pressure. The peak velocities
of mitral regurgitation were < 4 m/sec in all sub-
jects, which represented the normal pressure differ-
ence between the left ventricle and left atrium
during systole. Similarly, the peak velocities of
aortic regurgitation were within the normal
range.
Discussion
Despite Doppler-detected valvular regurgitation
being common in children, its prevalence in
small infants is still unclear.18–20 Our data
showed that valvular regurgitation was highly
prevalent in infants with structurally normal hearts
during the first year of life. The combination of all
Doppler modalities (color-flow, pulsed-wave,
and continuous-wave Doppler) used in the cur-
rent study probably resulted in the relatively
high prevalence. When valvular regurgitation
was screened in non-selected populations using
color Doppler echocardiography, many small re-
gurgitant jets could be detected, which contributed
to a higher prevalence in the present study
(61.4%) compared with previously published re-
sults.12,18–20 Another major finding in our study
was that the prevalence of inaudible valvular re-
gurgitation was high, which is consistent with
previous results that the correlation of Doppler-
detected regurgitation with audibility is some-
what poor.4,7 The reason for this discrepancy in
the reported prevalence of valvular regurgitation
is the lack of uniform diagnostic criteria.6
Yoshida et al11 found that mitral regurgitation,
tricuspid regurgitation, and pulmonary regurgi-
tation were detected in 38–88% of apparently
healthy persons by measuring regurgitation of
> 100 millisecounds duration by M-mode color
Table 2. Severity of color Doppler-detected valvular regurgitation in infants with normal two-dimensional
echocardiograms*
Severity of regurgitation Regurgitant flow
Regurgitant valve
Trivial Mild Moderate
Velocity Jet length
(m/sec) (cm)
Tricuspid (n = 237) 119 (50.2) 110 (46.4) 8 (3.4) 2.0 ± 0.3 0.6 ± 0.3
Pulmonary (n = 71) 68 (95.8) 3 (4.2) 0 (0) 1.0 ± 0.2 0.3 ± 0.1
Mitral (n = 51) 43 (84.3) 7 (13.7) 1 (2) 1.4 ± 0.3 0.3 ± 0.1
Aortic (n = 9) 6 (66.7) 2 (22.2) 1 (11.1) 1.0 ± 0.2 0.4 ± 0.3
*Data presented as n (%) or mean ± standard deviation.
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flow mapping. Choong et al1 reviewed 867
records from patients with structurally normal
hearts, and have found that 34% had evidence of
regurgitation of > 200 milliseconds duration.
Brand et al12 defined regurgitation as having a
duration of > 100 milliseconds and a velocity of
> 1.2 m/sec. According to these criteria, 26.9% of
461 children were noted to have valvular regurgita-
tion. Our definition of regurgitation based on the
presence of typical mosaic jets that were visualized
with color flow mapping, and a fully developed
envelope that permitted regurgitant velocity meas-
urement, as proposed by Van Dijk et al.18 This
method, which is useful for pressure estimation, is
probably more precise than other methods.
Although there was a slightly higher prevalence
of male infants with valvular regurgitation in our
series, this difference was not significant. This re-
sult is consistent with previous investigations in
which no sex difference was observed for valvular
regurgitation.6,9,13 Our study population was
confined to subjects aged < 12 months, therefore,
an age-related effect on the presence of any type of
regurgitation could not be demonstrated. Whether
there is an increase in the prevalence of regurgita-
tion with aging needs longitudinal follow-up.
A recent study using pulsed- and continuous-
wave Doppler imaging in 174 normal children
has shown rates of 32.8% tricuspid, 17.2% pul-
monary, 8.6% mitral and 1.1% aortic regurgita-
tion.20 Our results are in accordance with this
study with regard to the preponderance of
Doppler-detected regurgitation in right-sided
valves. One possible explanation is that, in chil-
dren with a narrow chest, the transducer can be
positioned closer to the right side of the heart,
which thereby increases the likelihood of detection
of regurgitation.6,20 Second, the tricuspid valve is
more vulnerable to regurgitation because the ini-
tial structural valve is more complicated than the
mitral valve leaflet.21 Sugiyama et al found that
the tricuspid valve takes decades to mature func-
tionally.21 The low prevalence of mitral and aor-
tic regurgitation in the present study seems to
indicate better preservation of left-sided valvular
integrity in infancy.12
The peak velocity of the regurgitant jet is related
to the pressure difference between the two cham-
bers.6 Based on the modified Bernoulli equation,
the normal pressure difference should result in a
peak regurgitant velocity about 1 m/sec for the
pulmonary value, 2 m/sec for the tricuspid valve,
and 4 m/sec for the mitral and aortic valves.22
The regurgitant velocities of the right-sided valves
recorded in our study were similar to those ex-
pected velocities. However, peak regurgitant ve-
locities of the left-sided valves were < 4 m/sec in
all our subjects. According to Berger’s explanation,
the highest regurgitant velocities might be under-
estimated because of a weak Doppler signal or 
inadequate alignment of the ultrasound beam.6
Another possible reason is that the modified
Bernoulli equation does not apply to the small 
regurgitant orifices present in normal subjects.6 As
shown by Holen et al,23 when the orifice diameter
is <1.5 mm, viscous friction can result in a peak ve-
locity that is lower than expected. Therefore, these
Doppler characteristics in relation to the structural
information provided by 2D imaging strongly sug-
gest that these regurgitant flows are physiologically
normal.10 Although such regurgitation generally is
accepted as a common benign finding in normal
subjects, it does appear to represent true trans-
valvular regurgitation, and not merely volume dis-
placement caused by valve closure.10,16 Whether
Doppler-detected valvular regurgitation is clini-
cally significant and needs further attention de-
pends on the clinical circumstances.3,7 Mild
right-sided regurgitation in the setting of an
anatomically normal valve with normal ventricu-
lar size and function is almost of minimal clinical
importance.7 In contrast, regurgitation associated
with an audible murmur and definite functional
abnormality of a valve is always clinically signifi-
cant.7 However, there is some agreement that the
presence of left-sided regurgitation, especially of
the aortic valve, should be suspected as a disease
rather than a physiological finding.1,12–14 A possi-
ble cause for the valvular incompetence should be
sought carefully.12
In conclusion, there is a high prevalence of
inaudible valvular regurgitation in infants with
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structurally normal hearts during the first year 
of life. It might be attributable to the advent of
echocardiography with color Doppler flow mea-
surements, which has allowed even very small 
regurgitant jets to be discovered. Tricuspid 
regurgitation is the most frequently detected and
aortic regurgitation the least detected. Multiple-
valve involvement with mild regurgitation is not
uncommon. Most of the regurgitant flows are
characteristic of trivial or mild severity and low 
velocity by Doppler echocardiography, which
suggests that these findings are physiologically
normal. To avoid unnecessary anxiety, the parents
should be informed of this benign physiological
valvular regurgitation. Long-term follow-up is 
warranted to detect whether this mild regurgitant
flow remains unchanged or increases with age.
References
1. Choong CY, Abascal VM, Weyman J, et al. Prevalence of
valvular regurgitation by Doppler echocardiography in pa-
tients with structurally normal hearts by two dimensional
echocardiography. Am Heart J 1989;117:636–42.
2. Kostucki W, Vandenbossche J, Friart A, et al. Pulsed
Doppler regurgitant flow patterns of normal valves. Am J
Cardiol 1986;58:309–13.
3. Meltzer RS, Abovich L, Finkelstein M. Regurgitation of all
four cardiac valves detected by Doppler echocardiogra-
phy. Am J Cardiol 1986;58:169–71.
4. Akasaka T, Yoshikawa J, Yoshida K, et al. Age-related valvu-
lar regurgitation: a study by pulsed Doppler echocardiog-
raphy. Circulation 1987;76:262–5.
5. Takao S, Miyatake K, Izumi S, et al. Clinical implications of
pulmonary regurgitation in healthy individuals: detection
by cross-sectional pulsed Doppler echocardiography. 
Br Heart J 1988;59:542–50.
6. Berger M, Hecht SR, Van Tosh A, et al. Pulsed and contin-
uous wave Doppler echocardiographic assessment of
valvular regurgitation in normal subjects. J Am Coll
Cardiol 1989;13:1540–5.
7. Rahko PS. Prevalence of regurgitant murmurs in patients
with valvular regurgitation detected by Doppler echocar-
diography. Ann Intern Med 1989;111:466–72.
8. Helmcke F, Nanda NC, Hsiung MC, et al. Color Doppler
assessment of mitral regurgitation with orthogonal planes.
Circulation 1987;75:175–83.
9. Klein AL, Burstow DJ, Tajik AJ, et al. Age-related preva-
lence of valvular regurgitation in normal subjects: a com-
prehensive color flow examination of 118 volunteers. 
J Am Soc Echocardiogr 1990;3:54–63.
10. Maciel BC, Simpson IA, Valdes-Cruz LM, et al. Color flow
Doppler mapping studies of “physiologic” pulmonary and
tricuspid regurgitation: evidence for true regurgitation as
opposed to a valve closing volume. J Am Soc Echocardiogr
1991;4:589–97.
11. Yoshida K, Yoshida J, Shakudo M, et al. Color Doppler
evaluation of valvular regurgitation in normal subjects.
Circulation 1988;78:840–7.
12. Brand A, Dollberg S, Keren A. The prevalence of valvular
regurgitation in children with structurally normal hearts: 
a color Doppler echocardiographic study. Am Heart J
1992;123:177–80.
13. Jobic Y, Slama M, Tribouilloy C, et al. Doppler echocardio-
graphic evaluation of valve regurgitation in healthy volun-
teers. Br Heart J 1993;69:109–13.
14. Biava G, Delfino M, Lagana B, et al. Prevalence of valvular
regurgitation in structurally normal hearts: a colour-Doppler
study. Coron Artery Dis 1997;8:559–63.
15. Singh JP, Evans JC, Levy D, et al. Prevalence and clinical
determinants of mitral, tricuspid, and aortic regurgitation
(the Framingham Heart Study). Am J Cardiol 1999;
83:897–902.
16. Douglas PS, Berman GO, O’Toole ML, et al. Prevalence of
multivalvular regurgitation in athletes. Am J Cardiol 1989;
64:209–12.
17. Lavie CJ, Hebert K, Cassidy M. Prevalence and severity of
Doppler-detected valvular regurgitation and estimation of
right-sided cardiac pressures in patients with normal two-
dimensional echocardiograms. Chest 1993;103:226–31.
18. Van Dijk APJ, Van Oort AM, Daniëls O. Right side valvular
regurgitation in normal children determined by combined
colour-coded and continuous-wave Doppler echocardiog-
raphy. Acta Pediatr 1994;83:200–3.
19. Thomson JDR, Allen J, Gibbs JL. Left sided valvar regurgi-
tation in normal children and adolescents. Heart 2000;
83:185–7.
20. Ayabakan C, Ozkutlu S, Kilic A. The Doppler echocardio-
graphic assessment of valvular regurgitation in normal
children. Turk J Pediatr 2003;45:102–7.
21. Sugiyama H, Hoshiai M, Tan T, et al. Functional maturity
of tricuspid and mitral valves in school children evaluated
by echocardiography. Heart 2005;91:1479–80.
22. Sahn DJ, Maciel BC. Physiological valvular regurgitation.
Doppler echocardiography and the potential for iatro-
genic heart disease. Circulation 1988;78:1075–7.
23. Holen J, Aaslid R, Landmark K, et al. Determination of effec-
tive orifice area in mitral stenosis from non-invasive ultra-
sound Doppler data and mitral flow rate. Acta Med Scand
1977;201:83–8.
